Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors originating in the gastrointestinal tract. With the introduction of molecular-targeted therapy for GISTs which has yielded remarkable outcomes, these tumors have become a model of multidisciplinary oncological treatment. Although Western clinical guidelines are available for GISTs, such as those published by the National Comprehensive Cancer Network (NCCN) and the European Society of Medical Oncology (ESMO), the clinical situations in Asian countries are different from those in Western countries in terms of diagnostic methods, surgical approach, and availability of new targeted agents. Accordingly, we have reviewed current versions of several GIST guidelines published by Asian countries (Japan, Korea, China, and Taiwan) and the NCCN and ESMO and discussed the areas of dissensus. We here present the first version of the Asian GIST consensus guidelines that were prepared through a series of meetings involving multidisciplinary experts in the four countries. These guidelines provide an optimal approach to the diagnosis and management of GIST patients in Asian countries.
Introduction
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors originating in the gastrointestinal tract. They are generally positive for CD117 (c-Kit), and are primarily caused by activating mutations in KIT or PDGFRA with a characteristic morphology [1] . The identification of a signal transduction pathway associated with the development of GISTs facilitated advances in the understanding of this tumor. Indeed, molecular-targeted therapy with imatinib (Glivec, Novartis) has yielded remarkable outcomes. GISTs have become a model of multidisciplinary oncological treatment, and an interdisciplinary approach is required to provide optimal care for GIST patients. Surgical and medical oncology, pathology, and gastroenterology are the essential fields of the multidisciplinary treatment of GIST.
Although Western clinical guidelines for the treatment and management of GISTs are available, such as those published by the National Comprehensive Cancer Network (NCCN) and the European Society of Medical Oncology (ESMO) [2, 3] , it is unclear whether these guidelines are appropriate for the clinical situation in Asian countries. Despite the limited Asian data on GISTs, several studies have suggested that some aspects of Western guidelines are not applicable to Asian GIST patients and that clinical practice patterns in Asia differ from those of Western countries [4] [5] [6] [7] . Therefore, consensus meetings were held involving multidisciplinary experts including surgeons, pathologists, and medical oncologists from Korea, Japan, China, and Taiwan since April 2014. These Asian GIST experts thoroughly reviewed the relevant Asian literature and shared their experience and opinion to reach a consensus on topics related to the pathologic diagnosis and surgical and medical treatment of Asian GIST patients.
The present consensus guidelines aimed to provide an optimal approach to the diagnosis and management of GIST patients in Asian countries.
Pathologic Diagnosis of GISTs
Although GISTs can arise in any portion of the gastrointestinal tract, they usually occur in the stomach (60%) or small intestine (30%). GISTs rarely occur in extra-gastrointestinal locations such as the omentum, mesentery, pelvis, and retroperitoneum [8] . GISTs range in size from less than 1 cm, typically discovered incidentally during tests for other diseases, to very large lesions measuring up to 35 cm (median, 5 cm) [9] . Regardless of their size, GISTs have typical morphologic features and immunoreactivity for c-Kit (CD117), and may contain oncogenic mutation in the KIT (80%-85%) or platelet-derived growth factor receptor alpha (PDGFRA; 5%-7%) genes [10] .
Morphology and immunohistochemical staining
Macroscopically, GISTs are typically a well-circumscribed fleshy, pink or tan-white mass. Large tumors frequently present with hemorrhage, necrosis, and cystic degeneration. GISTs can be divided into three different histologic subgroups; spindle cell GISTs (70%) which consist of cells with pale eosinophilic fibrillary cytoplasm, ovoid uniform nuclei, and ill-defined cell borders; epithelioid GISTs (20%) which consist of rounded cells with eosinophilic to clear cytoplasm arranged in sheets and nests; and the mixed type (10%) with spindle and epithelioid cells.
The pathological diagnosis of GIST is mainly based on the histological profile of the tumor (recommended to be obtained via surgical resection rather than preoperative biopsy), but immunohistochemical (IHC) staining is needed to confirm the diagnosis [11] . The most important IHC staining method for the diagnosis of GISTs is c-Kit (CD117) but staining with several other antibodies may also be helpful for primary and differential diagnosis. Approximately 94%-98% of GISTs are positive for the c-Kit protein, which is rarely expressed in other abdominal tumors. In addition, CD34 is positive in 60%-80% of all GISTs. A recently developed antibody against DOG1 (discovered on GIST) was reported to be positive in 85%-95% of c-Kit-positive GISTs and in 30%-36% of c-Kit-negative GISTs [12] . DOG1 expression is not different between KIT/PDGFRA mutant GIST and wild-type GIST. Therefore, DOG1 immunostaining may be helpful for tumors which cannot be diagnosed as GIST based on c-Kit immunohistochemistry.
The algorithm for GIST diagnosis drawn by consensus is provided in Fig. 1 . First, the morphology should be consistent with that of a GIST. Second, if IHC staining for c-Kit is positive, then the tumor can be diagnosed as GIST. If the c-Kit stain is negative but the DOG1 IHC stain is positive, the tumor can be diagnosed as GIST. Gastrointestinal mesenchymal tumors that harbor a KIT or PDGFRA mutation can also be diagnosed as GIST, even though they are negative for both c-Kit and DOG1. For gastrointestinal mesenchymal tumors not diagnosed as GIST according to the above criteria, other IHC markers such as CD34, smooth muscle actin (SMA), S-100, desmin, and protein kinase C (PKC)-theta can be used for differential diagnosis.
c-Kit negative GISTs account for approximately 5% of all cases [13] . Among the c-Kit-negative GISTs, 40%-45% are positive for CD34, 75% are positive for PKC-theta, and 30%-40% are positive for SMA [13, 14] . S-100 and desmin staining are usually recommended to exclude neural tumors and smooth muscle tumors, respectively.
Mutational analysis
KIT mutations (80% of primary GISTs) are most common in exon 11 (65%), followed by exon 9 (10%), and are rarely found in exons 13 and 17. PDGFRA mutations (10% of primary GISTs) are common in tumors of the stomach and are associated with epithelioid features and indolent behavior [1] . The most common mutation of PDGFRA is exon 18 D842V and is associated with resistance to imatinib. At present, mutation analysis is not required for the diagnosis of GISTs when the tumors have the typical histology and c-Kit and/or DOG-1 positivity. However, mutation analysis should be considered when diagnosing immunohistochemically c-Kit negative GISTs. In addition, mutation analysis can be recommended to predict treatment response to imatinib [15] [16] [17] , especially to exclude imatinib-resistant GIST (D842V) in neoadjuvant or adjuvant setting or to determine the initial dose of imatinib for GISTs with a KIT exon 9 mutation [10] . Mutational analysis for KIT exons 9, 11, 13, and 17 and PDGFRA exons 12, 14, and 18 can be performed using both formalin-fixed, paraffin-embedded tissue and fresh-frozen tissue.
Although most GISTs are driven by KIT-or PDGFRA-activating mutations, a small subset (10%) without KIT or PDGFRA mutations exist and are referred to as wild-type GISTs which may harbor mutations in succinate dehydrogenase (SDH) complex including SDHA, SDHB, SDHC, or SDHD, BRAF, KRAS, or NRAS [1, 18, 19] . SDH-deficient GISTs in particular, include pediatric cases and those associated with Carney triad syndrome (gastric epithelioid GIST, pulmonary chondroma, and extra-adrenal paraganglioma in young females) or Carney-Stratakis syndrome [20, 21] . SDHdeficient GISTs, which most commonly occur in the stomach, have histologic features that are otherwise rare in gastric GISTs, such as epithelial hypercellular features, plexiform growth patterns in the muscularis propria, and lymphovascular invasion and lymph node metastases [21] .
Risk classification in localized GISTs
Risk assessment of recurrence after curative surgery for localized GISTs provides the basis for optimal adjuvant treatment. The two most important prognostic factors are mitotic index and tumor size as suggested by the National Institutes of Health (NIH) consensus criteria published in 2002 [11] . The Armed Forces Institute of Pathology (AFIP) criteria added tumor location to size and mitotic count [22] . [23] . NIH, National Institutes of Health; HPFs, high-power fields.
The modified NIH classification suggested by Joensuu [23] combined the advantages of the NIH (tumor size and mitosis) and AFIP (tumor location) criteria along with the additional factor of rupture (Table 1) [24] . Moreover, a novel prognostic contour map was generated through the pooled data of GIST patients who received no adjuvant therapy [25] . The contour map incorporated the mitotic index and tumor size as continuous non-linear variables while tumor rupture and primary site were included as categorical variables for risk assessment.
Given these differences in the various risk classifications, it remains unclear which classification is the best for selecting candidates for adjuvant therapy. Our expert panel recommends using the modified NIH criteria to guide the selection of patients who may require adjuvant therapy, on the basis of the four risk factors including size, mitosis, primary site, and rupture. In addition, a recent Japanese report indicated that the modified NIH criteria was the most sensitive for detecting patients who are likely to have recurrence [26] .
Pathologic reporting for GISTs
The pathology report for GISTs should include the following: (1) tumor location and size and mitotic index (per 50 high-power fields); (2) resection margin status; (3) presence or absence of metastases or rupture during the operation; and (4) IHC staining results that include CD117 (c-Kit) with or without CD34/DOG-1. It must be considered that the actual size of a high-power field may differ between microscopes when obtaining mitotic counts. Hence, the panels recommend that mitotic counts are expressed as per 5 mm 2 fields in near future. In addition, a pathology report may include other histological nature of the tumor, including the degree of cellularity, presence of necrosis or cystic changes, and any invasion into the mucosa or adjacent structures.
In terms of pathologic reporting, there were some different circumstances in Asia that do not exactly match the Western guidelines such as the NCCN and ESMO guidelines. First, genotyping for KIT or PDGFRA is strongly recommended in these guidelines, but genotyping is not widely used and standardized in many centers in Asia. Therefore, we recommend that the tumor tissue should be referred to centers where genotyping facility is available, especially, in specific situations such as to diagnose immunohistochemically negative GISTs or to predict treatment response to imatinib. Second, we recommend using the modified NIH criteria among the various risk classifications, especially to select patients who may require adjuvant imatinib therapy for 36 months. Third, we proposed to report at least four items in pathology report because, in some cases, insufficient information can be provided by a pathologist who is not well-experienced with GISTs.
Surgical Treatment of GISTs

Preoperative evaluation and biopsy
Surgical resection is the current standard of care for localized GISTs. The initial diagnosis is generally suggested by endoscopy, endoscopic ultrasound (EUS), or computed tomography (CT) of the abdomen, which should be confirmed histopathologically after surgical resection of the tumor. Preoperative histological diagnosis is feasible but may sometimes be difficult to interpret [27] . Imaging studies used to detect metastasis include triphasic CT of the abdomen and pelvis and/or magnetic resonance imaging, as necessary [28] . Chest CT is rarely needed for initial evaluation of GISTs because extra-abdominal metastasis at initial presentation is extremely rare. Positron emission tomography (PET) may be performed when evidence of metastasis is equivocal or for the purpose of conducting clinical trials [27] .
Biopsy is absolutely necessary when considering initial imatinib therapy in terms of neoadjuvant treatment. Preoperative biopsy should be performed, with effort to avoid tumor spillage or metastases. In this regard, EUS-guided biopsy is preferred to percutaneous biopsy [29] . If the tumor is strongly suggestive of GIST and is considered resectable, preoperative biopsy can be omitted [30] . In metastatic diseases, however, percutaneous image-guided biopsy may be allowed. When the histology shows unusual or complex features, the diagnosis should be reviewed by an expert to discriminate GISTs from other sarcomas. Mutation analysis is helpful and is recommended if possible.
Indications for surgery
When a tumor is suggestive of GIST, it should be considered for curative surgical resection due to the high malignant potential [4] [5] [6] [7] 31] . Surgery is the treatment of choice for patients with localized or potentially resectable GISTs. In gastric GISTs, surgical resection is strongly recommended when (1) tumors are 2 cm or larger in size, or (2) they are growing or have signs of malignancy, such as irregular margin, ulceration, bleeding, cystic change, necrosis, or heterogeneous echogenicity in endoscopy and/or EUS [27] . Smaller tumors (< 2 cm) with no signs of malignancy may be managed with active surveillance. However, a small tumor size does not exclude the potential for malignancy in GIST. Therefore, patients should be informed about the possibility of malignancy, even if the tumor is small. For non-gastric GISTs, on the other hand, surgical resection is recommended, regardless of tumor size or morphology.
Surgical margins, lymph node dissection, and laparoscopic surgery
For complete resection, pseudocapsule should not be damaged during manipulation of the tumor and macroscopically negative margin as well as adequate safety margin should be spared. In cases with tumor infiltration into the surrounding organs, a complete en bloc resection with negative margins should be performed, regardless of tumor size [29, 31] . When adjacent organs adhere to the tumor, complete en bloc resection should also be performed to avoid tumor rupture or intra-abdominal spillage [29] . En bloc resection is also recommended for omental and mesenteric GISTs. In gastric GISTs, subtotal or total gastrectomy may be performed based on the tumor size and location. In many cases, wedge resection of gastric GISTs and segmental resection of small bowel GISTs are sufficient; however, simple enucleation or endoscopic treatment is not recommended even if the GIST is small.
When the macroscopic surgical margin is positive (R2 disease), reoperation is recommended when possible. In cases of positive microscopic resection margin (R1), postoperative imatinib therapy is recommended when the malignant potential-based on the size, mitotic index, and primary site of the GIST-is high. If the risk of recurrence is low, routine surveillance with no additional therapy is recommended. A retrospective analysis has suggested that margin status might not be a significant prognostic factor for recurrencefree survival in the era of targeted therapy [32] .
Since GISTs rarely spread to local or regional lymph nodes, lymph node dissection is usually not necessary, but it should be considered if metastasis is suspected, such as when enlarged lymph nodes are noted.
Although the evidence to date is mainly limited to gastric GISTs, laparoscopic surgery can be performed for small GISTs in favorable locations, such as those located in the greater curvature or anterior wall of the stomach, jejunum, or ileum [33] . Tumor grasping and tumor rupture should be avoided; however, use of the stapling technique and extraction bags is recommended. Compared with open surgery, laparoscopic surgery has similar outcomes for GIST patients in terms of oncologic prognosis with several advantages, such as less pain, less invasiveness, early recovery, and better cosmetic results [34] .
Postoperative follow-up and surveillance
For GIST patients in high-or intermediate-risk groups, postoperative surveillance is recommended with abdominal and pelvic CT scan every 3 to 4 months for the first 3 years after surgery, every 6 months until 5 years after surgery, and an annual assessment thereafter [27, 29] . For patients in the low-or very low-risk groups, follow-up CT every 6 months is recommended for 5 years after surgery. Ultrasonography may replace CT once each year [27, 29] . The role of PET in postoperative surveillance has not been established. Before the introduction of adjuvant therapy, most recurrences of GIST occurred in the liver and peritoneum within 2 years of surgery [35] . In the era of adjuvant imatinib therapy, a Western study reported that the risk of recurrence was also high within the first 1-2 years after adjuvant therapy [36] . Hence, further investigations are needed to establish an optimized surveillance schedule with CT in Asian countries.
Surgery during tyrosine kinase inhibitor therapy for advanced GISTs
Medical treatment using tyrosine kinase inhibitor (TKI) alone rarely achieves a complete response in advanced GISTs, as resistant tumor clones develop continuously over time after the initiation of imatinib treatment [37] . In particular, macroscopic residual lesions would contain many viable tumor cells; therefore, surgical removal of these residual lesions would prevent or delay the emergence of resistant clones. The survival benefit of adding surgical resection to imatinib at maximal response, including partial response (PR) and stable disease (SD), has been suggested in several retrospective studies, in which some patients maintained their disease status free from progression for a long while after surgery [38, 39] . A prospective randomized comparative trial was carried out in China, although it was terminated early due to poor accrual (n=41), it reported that 2-year progression-free survival (PFS) was 88.4% in patients who received surgery for residual disease with imatinib and 57.7% in patients who received imatinib alone (p=0.089). Median overall survival (OS) was not reached in the surgery arm of that study but it was 49 months in the imatinib alone arm (p=0.024) [40] . Recently, Park et al. [41] conducted a retrospective comparative study in 134 patients who had SD for more than 6 months after responding to imatinib and reported that surgical resection of residual lesions was beneficial with longer PFS and OS compared with patients treated with imatinib alone. There is no definitive evidence from large phase III trials; however, the potential benefit of post-imatinib resection in preventing or delaying the development of imatinib-resistance has been strongly suggested and it is unlikely to have a large scale prospective randomized trial, this issue should be discussed with a multidisciplinary team or with experts in referral hospitals [38, 39, 41] . There is no evidence to recommend surgery during sunitinib or regorafenib.
Post-imatinib resection can be recommended when a GIST patient shows (1) a PR or SD after an adequate duration (usually 4 to 12 months) of imatinib therapy and residual lesions are completely resectable or (2) limited (or focal) progression of disease confined locally such as "nodule within the mass" [38] . In addition to surgical resection, hepatic or peritoneal metastases of GIST can be managed with local modalities, such as radiofrequency ablation or chemoembolization. TKI therapy must continue even after complete resection of the residual tumor.
In contrast to resection after imatinib therapy, initial debulking surgery before imatinib therapy is not beneficial [42] . In metastatic GISTs, surgery should be avoided as a primary approach and imatinib therapy is the standard primary treatment.
In this section, we emphasized aggressive surgery such as complete en bloc resection of resectable tumors including omental and mesenteric GISTs, which may seem to contradict with the Western guidelines in which points out to avoid multivisceral resection. However, the emphasis on aggressive surgery is only limited in curative setting of primary surgery, we also recommend to avoid mutilating surgery and consider preoperative imatinib when appropriate. In metastatic GISTs, even though all tumors seem completely resectable, we strongly recommend multidisciplinary approach for initial imatinib therapy because there is no evidence of survival benefit by initial debulking surgery prior to imatinib therapy.
Medical Treatment of GISTs
Adjuvant treatment
The purpose of adjuvant therapy is to reduce or delay the growth of microscopic tumors after complete resection of a GIST. A randomized, double-blinded, placebo-controlled phase III study (ACOSOG Z9001) showed that adjuvant imatinib therapy for 1 year could significantly prolong the recurrence-free survival of patients with primary GIST after curative resection [43] . A non-randomized, prospective phase II study also reported that adjuvant imatinib for 36 months decreased the risk of recurrence and death compared to observation group in Chinese GIST patients with intermediate or high risk [44] . Furthermore, a large, randomized, phase III trial (SSG XVIII/AIO) reported that adjuvant imatinib for 36 months reduced the risk of recurrence and improved OS compared with adjuvant imatinib for 12 months in GIST patients with high risk of recurrence after surgery [45] . Therefore, adjuvant imatinib is currently indicated in patients with high-risk GIST and is recommended for 3 years. For intermediate-risk patients, evidence is not sufficient to make such a conclusion. The modified NIH criteria are recommended for selecting adjuvant imatinib candidates, because the SSG XVIII/AIO trial used the criteria for estimating the risk of GIST recurrence [45] .
In addition to risk assessment, we recommend genotyping to identify the PDGFRA exon 18 D842V mutation, at least for primary gastric GISTs, if this method is available. Adjuvant imatinib is not recommended for cases with the D842V mutation because these tumors do not respond to imatinib. There is currently no consensus on whether wild-type GISTs should be treated with adjuvant therapy because of their lower sensitivity to imatinib and an often more indolent clinical course, especially in the case of syndromic GISTs such as neurofibromatosis type 1-related GISTs, Carney triad or Carney-Stratakis syndrome [20, 46] .
Neoadjuvant treatment
Neoadjuvant imatinib therapy should be considered (1) for localized (not metastatic) GISTs when R0 resection is not feasible or (2) for organ function preservation, including the rectum, esophagus, or duodenum, or to avoid total gastrectomy [47, 48] . Early assessment of tumor response by CT and/or PET after the first month of imatinib treatment is recommended to avoid delayed detection of rapid tumor progression due to primary imatinib resistance [49] . Surgery is recommended after achieving the best response or sufficient shrinkage of the tumor [27] . Thus, the duration of preoperative imatinib is usually 4-6 to 12 months. In the absence of significant imatinib-related adverse events, withholding imatinib before surgery is not necessary because imatinib does not have known negative impact on wound healing and safety of surgery.
After surgical resection of a GIST with pre-operative imatinib, the decision to commence adjuvant imatinib should be based on the pre-neoadjuvant tumor rather than post-imatinib tumor status. However, it can be difficult to classify risk because the pre-neoadjuvant biopsy tissues are often inadequate for determining the mitotic index. Adjuvant imatinib should be started as soon as the patient is allowed to have oral intake. The duration of adjuvant imatinib should be determined by the duration of pre-operative therapy. The total duration of imatinib therapy before and after surgery is at least 3 years for high risk GIST. If genotyping is available, tumors exhibiting PDGFRA exon 18 D842V mutation should be excluded from pre-and post-operative adjuvant imatinib therapy. However, if genotyping is not feasible and there is a possibility of the presence of D842V mutation, particularly for primary gastric GIST, neoadjuvant imatinib should be administered carefully and the tumor response should be evaluated earlier or as soon as possible.
First-line imatinib therapy for advanced GISTs
Once an advanced GIST (metastatic, unresectable, or recurrent) is diagnosed, imatinib should be immediately prescribed; regardless of presence of symptoms and even if the tumor is completely resected grossly and histologically [35] . Cytoreductive surgery prior to imatinib therapy is not recommended [42] . The optimal initial dose of imatinib is 400 mg per day. A higher dose (800 mg per day) of imatinib is now recommended as the initial treatment in Western countries for patients with KIT exon 9 mutant GISTs [15] . However, there was no large prospective study to evaluate the clinical benefit of higher-dose imatinib treatment in Asian patients with different genotypes [50, 51] . A recent Korean large-scale retrospective analysis has suggested that patients with the KIT exon 9 mutation would also benefit from treatment with a higher dose of imatinib [17] . Our expert panel agreed with the recommendations of Western guidelines and suggests that a higher dose may also be beneficial in Asian patients with KIT exon 9 mutation. However, prospective trials are needed to prove the feasibility and efficacy of higherdose imatinib in Asian populations [52] .
The most common adverse effects of imatinib are fluid retention, diarrhea, abdominal pain, nausea, poor appetite, fatigue, muscle cramps, and skin rash. These adverse effects usually improve and can be tolerable with prolonged imatinib therapy [53] . Discontinuation of imatinib treatment in patients with initial favorable tumor response generally leads to rapid disease progression [54, 55] . In such cases, many patients may respond to the reintroduction of imatinib, but the tumor response may be smaller than what was achieved prior to treatment interruption [56] . Therefore, the expert meeting recommended giving imatinib treatment continuously until disease progression, intolerable adverse events occur, or the patients' refusal.
Evaluation of the tumor response
To date, CT has been the most useful diagnostic tool for evaluating the GIST response to TKI treatment. We recommend contrast-enhanced, dynamic or triphasic CT scanning with arterial and portal venous phases [27] . The interval for radiological tumor response evaluation may vary according to the clinical situation, but is usually performed every 3 to 6 months after the documentation of initial response. Fluorodeoxyglucose (FDG) PET is highly sensitive for evaluating early tumor response, but given its cost and lack of availability, there is no consensus on its inclusion in basic imaging tests [57] .
The tumor response assessment should not solely rely on the change of tumor size because tumors can be enlarged with cystic changes secondary to intratumor hemorrhage or myxoid degeneration [27, 58] . In addition, new hypoattenuating lesions resulting from reduced vascularity and hyaline degeneration can be observed following imatinib treatment. Particularly for cases of liver metastasis, new small lesions with hypodensity and clear margins may be observed in portal venous phase of CT scan resulting from necrosis of preexisting, small iso-dense tumors. Hence, caution is required when applying the Response Evaluation Criteria in Solid Tumors (RECIST) or World Health Organization (WHO) criteria for evaluating the response of GIST to TKI treatment. The development of new criteria, preferably taking both tumor size and density into account, is therefore warranted. An improvement in symptoms, reduction in the degree of the CT attenuation coefficient (Hounsfield units), or change in the maximum standardized uptake value (SUVmax) upon PET may also be used to determine the tumor response [57, 58] .
Recurrence or progression includes the appearance of a new lesion at the surgery site, the development of new metastases, or an enlargement of the preexisting, hypervascular tumor. A new intratumoral nodule or increased solid tissue density within a previously responding, hypodense GIST is also considered as radiological evidence of tumor recurrence or progression. This pattern of progression is not defined in RECIST or WHO criteria, but all the experts agreed that such radiological changes are early signs of tumor progression. Therefore, the interior and cystic walls of previously responding hypodense tumors should be carefully examined [28, 37] . The evaluation criteria require standardization and further validations in large-scale prospective studies are needed.
Failure pattern of first-line treatment
Tumor resistance to imatinib is classified as either primary or secondary. Primary resistance is defined as progression within the first 6 months of imatinib therapy, with most cases progressing multifocally [27] . Secondary resistance is defined as progression beyond 6 months after the initiation of imatinib therapy. In progressing lesions of imatinib resistant GISTs, secondary mutations in KIT including exon 13, 14, or 17 are commonly found, and represent a major factor of secondary resistance to imatinib [59] .
There are two types of progression, as described below [27] .
1) Limited (or focal) progression
Focal progression occurs when one lesion or a limited number of lesions exhibit intratumoral nodules or increased size with increased FDG uptake on PET whilst the other lesions remain relatively well controlled. Treatment of focal progression requires multidisciplinary approach. Local therapy, such as radiofrequency ablation, chemoembolization, or resection of localized progression of liver metastasis, or peritoneal tumor can be considered for the control of focally progressing imatinib-resistant lesions, while imatinib at standard dose is continued to control the remaining imatinibresponding tumors. If those lesions are not removable, escalation of the dose of imatinib or a switch to sunitinib should be considered. Although there was no prospective study to evaluate the efficacy of local treatment for focal progression in GIST, retrospective analyses have suggested that some cases with focal progression may benefit from local treatment [38, 60] . On the other hand, there was a study showing the potential risk of rapid disease progression within a short period of time after local treatment [39] .
2) General (or multifocal) progression
General progression is characterized by the simultaneous progression of most lesions. The efficacy of local treatment of general progression in GIST is extremely limited and mostly negative [38] , therefore, it is not recommended, except for the purpose of symptomatic palliation. Administration of imatinib at increased doses or switch to a secondline drug such as sunitinib is indicated.
Further treatment after failure of first-line imatinib 1) Higher dose of imatinib
Approximately 30% to 40% of patients who had disease progression during imatinib treatment at standard dose of 400 mg per day may benefit from an increased dose of imatinib to 600-800 mg per day for a limited period [61] . With a daily dose of 800 mg, no increase in adverse events associated with imatinib has been found, other than malaise and anemia. If intolerable side effects occur, the dose may be reduced to 600 mg per day [61] . When severe adverse events are anticipated with a direct dose escalation to 800 mg per day, imatinib can be increased in stages, to 600 mg per day, then to 800 mg per day. The median PFS is approximately 3-5 months and the 12-month PFS rate ranges 18% to 30% with dose escalation in imatinib-resistant GISTs [61] [62] [63] .
2) Second-line sunitinib
Sunitinib is a TKI that inhibits the vascular endothelial growth factor receptor as well as the KIT and PDGFRA. As a result, this drug inhibits tumor growth by both direct antitumor activity and anti-angiogenic activity. A pivotal phase III study reported that the response rate of imatinib-failure GIST to sunitinib was nearly 10%, and the clinical benefit rate was approximately 65%. The median PFS was 6 months, which was more than four times longer than that of the placebo arm [64] . Sunitinib is approved for the treatment of advanced GIST after failure of first-line imatinib. With regard to dosing schedule, a daily dose of 50 mg for 4 weeks and resting for 2 weeks was initially approved. However, some patients experienced aggravation of symptoms during the resting period. A randomized, phase 2 trial was conducted to compare morning versus evening continuous dosing schedule with a daily dose of 37.5 mg per day in imatinibfailure GIST. Combined analysis showed continuous daily sunitinib could achieve comparable efficacy as those with intermittent full dosing schedule in the literature [65] . A Chinese retrospective study also reported that the patients who received 37.5 mg of sunitinib daily experienced less toxicity compared with 50 mg of sunitinib scheduled 4 weeks-on and 2 weeks-off [66] . Although no randomized trials to date have compared intermittent and continuous sunitinib dosing schedules, both are equally recommended. In addition, there is no consensus on the TKI sequence (higher dose of imatinib or sunitinib) and either sequence is possible. Recent reports documented that sunitinib is associated with cardiotoxicity and hypothyroidism, therefore, close monitoring of hypertension, cardiac function, and thyroid hormones is indicated during sunitinib therapy [67, 68] .
3) Third-line regorafenib
Regorafenib, a multikinase inhibitor of KIT, PDGFR, and VEGFR, is recommended after failure of both high-dose imatinib and sunitinib, with a regimen of 160 mg daily for the first 3 weeks of each 4-week cycle. A randomized phase III trial (the GRID study) reported a response rate of 4.5%, clinical benefit rate of nearly 50%, and median PFS of 5 months with the use of regorafenib [69] .
4) Imatinib rechallenge
When regorafenib is not available or failed, an imatinib rechallenge at 400 mg per day is also recommended instead of discontinuing TKI treatment, because a certain fraction of the tumor cells may remain responsive to imatinib and disease progression can be at least slowed. With several retrospective studies suggesting a survival benefit, recent RIGHT study clearly demonstrated the benefit of imatinib rechallenge in prolongation of PFS compared to placebo after failure of at least first-line imatinib and second-line sunitinib therapies [70, 71] . No conventional cytotoxic chemotherapy has ever been reported to be effective in GIST and clinical trials are under way for newer targeted agents. Thus, we do not recommend the use of these drugs, except in clinical studies [27] .
Monitoring of the imatinib plasma concentration
Monitoring of the imatinib plasma level can be helpful for making treatment decisions in patients considered to have either dose modification or discontinuation for suboptimal response to treatment, treatment failure, unexpected serious adverse events, or suspected poor compliance. Regarding the association between imatinib plasma level and tumor response, some retrospective data from Western patients with advanced GIST have indicated that imatinib plasma levels are associated with PFS [72] , while conflicting results have been reported in other prospective Western studies and retrospective Asian studies [63, 73, 74] . Therefore, the application of imatinib plasma level monitoring should currently be more focused on adjusting the dose of imatinib in the management of patients who experience intolerable toxicities due to overexposure to the drug [75] . On the other hand, prospective study for further evaluating the association between the plasma level of imatinib and clinical outcomes in GIST patients is warranted.
In this section, some points were more emphasized compared to the Western guidelines. First, since there is no consensus on the duration of adjuvant imatinib treatment after pre-operative imatinib and subsequent surgical resection, we recommend the total duration of imatinib therapy before/ after surgery to be at least 3 years for high risk GIST, while at least 2 years of post-operative imatinib is suggested in the NCCN guideline. Second, in neoadjuvant setting, we recommend early evaluation of tumor response (i.e., after the first month of imatinib treatment) when genotyping is not feasible, especially for primary gastric GIST. Third, higher dose of imatinib may be beneficial in GIST patients with KIT exon 9 mutation as recommended in the Western guidelines, but prospective study to prove the feasibility and efficacy of high dose imatinib therapy in Asian patients is needed. Lastly, if third-line regorafenib is not available or failed, imatinib rechallenge is recommended instead of discontinuing TKI treatment. However, rechallenge or continuous treatment with TKIs to which the patient has already been exposed is limited in many Asian countries unlike Western countries.
Conclusion
The paradigm of diagnosis and management of GIST has rapidly changed with the improved understanding of the pathophysiology of the tumor and the introduction of TKIs. In the late decade, several national guidelines have been published in Asian countries based on country-specific clinical situations [4] [5] [6] [7] , but there has been a strong need for a consensus on diagnosis and management of GISTs in Asian patients. For this reason, this first version of Asian GIST consensus guidelines was prepared through a series of meetings involving multidisciplinary experts in four countries. We hope that these guidelines will be of assistance to clinicians in Asian hospitals to improve the diagnosis and management of GIST patients and subsequently promote optimal care for this disease in Asia.
